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1
SAFETY DEVICE FOR A ROTATIONAL FEED
AXIS

REFERENCE TO RELATED APPLICATIONS

This application is the national stage application under 35
USC 371 of International Application No. PCT/JP2011/
062145, filed May 20, 2011, the entire contents of which are
incorporated herein by reference.

FIELD OF THE INVENTION

The invention relates to a machine tool, in particular a
safety device for a rotational feed axis for preventing abnor-
mal rotation of the rotational feed axis of a machine tool.

BACKGROUND OF THE INVENTION

Recently, in the field of machine tools, it is desired to
increase efficiency. As a way to increase efficiency, it is pos-
sible to increase the outputs of the driving motors for driving
the feed axes and the spindle in order to increase the machin-
ing speed and to reduce the machining time. However, for this
purpose, the strength of the constitutional members of a
machine tool must be increased which result in an increase in
size of the machine tool and reduction in tool life.

Further, in order to increase the efficiency of a machine
tool, it is necessary to reduce the time period for changing
processed and unprocessed workpieces. In order to change
processed and unprocessed workpieces, an operator often
needs to directly access machine tools, in particular compact
machine tools. In such a case, the safety of the operator must
be ensured.

Furthermore, in the field of machine tools, machining pro-
cesses are becoming complex, whereby machine tools having
four or more feed axes including one or more rotational feed
axes as well as orthogonal three linear feed axes are becoming
widespread. In machine tools having four or more feed axes,
a workpiece is mounted directly to a rotary table or to a
workpiece mount such as a rotary workhead or an angled
mount secured to a rotary table. Therefore, when an operator
carries out a preparation, removing a processed workpiece
from and attaching a new unprocessed workpiece to the work-
piece mount, if the rotational table unintentionally rotates, the
preparation is obstructed and the safety of the operator is
deteriorated. Thus, safety devices for securing rotational
tables so as to prohibit the rotation thereof have been devel-
oped.

1 Japanese Patent No. 2918732

2 WO 2008/029486

SUMMARY OF THE INVENTION

Document 1 discloses a clamping device for fixing a rota-
tional feed axis at any rotational position. The clamping
device of Document 1 is provided with clamping means
which is disposed on an inner surface of a table base and has
a clamp shoe defining a thin portion to face a table. Pressur-
ized oil is supplied to the clamping means from an oil source,
which is provided in a machining area, to the clamping means
to press the thin portion against the table whereby the table is
fixed.

Document 2 discloses a workpiece setting station provided
with a sub-pallet mount having a downwardly extending shaft
portion which defines circumferentially disposed four index-
ing holes into one of which an indexing pin is laterally
inserted. The indexing pin is linked to a pedal disposed
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2

beneath the base whereby the indexing pin is disengaged from
one of the indexing hole when the pedal is stepped by an
operator so that the sub-pallet mount can be rotated manually.

The clamping device of Document 1 is complex because it
is necessary to provide it with a clamping shoe, and therefore
is not suitable to be applied to a compact machine tool.

In the workpiece setting station of Document 2, the index-
ing pin cannot be inserted into the indexing holes depending
on the rotational position of the sub-pallet mount, therefore
the pallet mount cannot be fixed at an arbitrary rotational
position.

The present invention is directed to solve the problems of
the prior art, and the object of the present inventions is to
provide a safety device for a rotational feed axis of'a machine
tool for locking the rotational feed axis for any rotational
position to prevent unintentional rotation of the rotational
feed axis.

According to the present invention, there is provided a
safety device of a rotational feed axis for preventing abnormal
rotation of the rotational feed axis, including a rotational
member provided on a rotational shaft of a power transmis-
sion mechanism for the rotational feed axis, the rotational
member defining a plurality of openings disposed away from
each other in the circumferential direction of the rotational
member, and at least two pins, disposed away from each other
in the circumferential direction of the rotational member in a
housing for the rotational feed axis, the at least two pins being
extendable and retractable so as to be receive in the openings
of the rotational member wherein at least one of the pins can
be received in the openings for any rotational position of the
rotational shaft.

According to the present invention, at least one of the pins
are received into the openings of the rotational member for
any rotational position of the rotational shaft of the rotational
feeding axis whereby the rotational shaft can be prevented
from rotation at any rotational position.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic side view of a machining center
provided with a safety device for the rotational feed axis
according to a first embodiment of the present invention.

FIG. 2 is a cross-sectional view of a B-axis rotational table
of the machining center of FIG. 1 with the safety device
according to the first embodiment.

FIG. 3 is a plan view of an annular member of the safety
device of FIG. 2.

FIG. 4 is a schematic diagram for explaining the principles
of the present invention.

FIG. 4A is a schematic diagram for explaining the prin-
ciples of the present invention.

FIG. 4B is a schematic diagram for explaining the prin-
ciples of the present invention.

FIG. 5 is a side view of a rotary workhead with a safety
device according to a second embodiment.

DETAILED DESCRIPTION OF THE INVENTION

With reference to FIGS. 1-5, an embodiment of a machin-
ing center according to the present invention will be described
below. FIG. 1 is a side view showing a schematic configura-
tion of a machining center according to the present invention.
The up-down direction and the font-rear direction are defined
as illustrated, and the configuration will be described accord-
ingly. Further, the left-right direction is defined perpendicular
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to the plane of the drawing so that the directions toward and
away from the plane are respectively the left and the right
sides.

With reference to FIG. 1, machining center 10 is shown as
amachinetool comprising a safety device for a rotational feed
axis according to a first embodiment of the present invention.
Machining center 10 comprises a bed 12 adapted to be
secured to the floor of a factory, a vertically movable body 14
mounted to a rear side of the bed 12 by a linear feed mecha-
nism for linear movement in the vertical direction (Y-axis
direction), a left-right movable body 16 mounted to the top of
the vertically movable body 14 by a linear feed mechanism
for linear movement in left-right direction (X-axis direction),
and a front-rear movable body 18 mounted to the top of the
left-right movable body 16 by a linear feed mechanism for
linear movement in the front-rear direction (Z-axis direction).
A spindle head 20, for supporting a spindle 22 for rotation
about a rotational axis extending in the front-rear direction, is
mounted to the front portion of the front-rear movable body
18. A tool T is attached to the end of the spindle 22.

Each of the linear feed mechanisms for the vertical, left-
right and front-rear directions may be composed of, for
example, a guiding device including a guide rail and a guide
block, and a driving device including a ball screw and a
servomotor for rotationally driving the ball screw. The tool T
is rotationally driven along with the spindle 22 by a spindle
motor disposed with in the spindle head 20.

A rotary table 26, forming the rotationally feeding axis to
which the present invention is applied, is mounted to the top
of the bed 12 for rotation about a vertical axis (B-axis). An
angled mount 28, defining double workpiece mounting faces,
is mounted to the top of the rotary table 26. Workpieces W and
W' are mounted to the workpiece mounting faces. The con-
figuration allows the tool T to be moved relative to the work-
piece W in orthogonal three-axis directions (X, Y and X-axis
directions) and one rotational-axis direction (B-axis)
whereby the workpiece is machined into a desired shape.

A pair of pillars 30 are disposed respectively on the left and
right sides of the bed 12. A tool changer 32 is mounted to the
top ends of the pillars 30. The tool changer 32 includes a
magazine base 34 extending between the top ends of the
pillars 30 and tool magazine 36 rotatably supported on the
magazine base 34. The magazine base 34 is inclined so that its
front side is higher than its rear side, and accordingly the tool
magazine 36 is inclined.

The whole machining center 10 is enclosed by a substan-
tially rectangular cover 38. Provided in the front side of the
cover 38 is an opening 40 which is opened and closed by an
access door 42. The access door 42 has a door lock 424 for
preventing the access door 42 from opening.

A horizontal partition 44 and a shutter 46, which is retract-
able in the horizontal direction, are disposed above the bed 12
with in the cover 32, whereby the inside volume of the cover
is divided into a space for accommodating the magazine 32
above the partition 44 and shutter 46 and another space for
accommodating the workpiece W beneath the partition 44
and the shutter 46. When tools are changed, the shutter 46
opens to allow the tool change. When tool change is com-
pleted, the shutter 46 is closed to prevent the chips and
machining fluid generated during process from flying toward
the tool magazine 36.

The space beneath the partition 44 and the shutter 46 where
the workpiece W is placed is further divided into a workpiece
setting station WS toward the access door 42 from the center
of'the B-axis and a machining space MS away from the center
of the B-axis.
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Further, a spindle head cover 48 is provide in front of the
movable bodies 14, 16 and 18. The spindle head cover 48
defines an opening 48a through which the spindle 22 and tool
T extend into the machining space MS. The spindled head
cover 48 is telescopic in both the vertical and left-right direc-
tions, and therefore, the opening 484 moves vertical and
left-right directions with the vertical and left-right move-
ments of the spindle head 20.

With reference to FIG. 2, the rotary table 26 is secured to a
shaft 50 which is supported by a housing 54 through a bearing
preferably a cross-roller bearing 52 for rotation about the
B-axis. The housing 54 is secured to the top of the bed 12. A
stator 56 is secured to the inner surface 54a of the housing 54
and a rotor 58 is secured to the outer surface 50a of the shaft
50 whereby the stator 56 and the rotor 58 form a B-axis
feeding motor.

A safety device 100 for a rotational feed axis according to
a first embodiment shown in FIG. 2 comprises annular mem-
ber 102 secured to the bottom surface of the rotary table 26,
first and second pins 104 and 106 mounted to the housing 54,
and first and second actuators 108 and 110 coupled to the
lower ends 104a (the lower end of the second pin 106 is not
shown) of the first and second pins 104 and 106. Thus, the two
pins 104 and 106 extend and retract in the longitudinal direc-
tion of the rotational shaft 50. The rotary table 26 defines an
annular recess 264 for receiving the annular member 102. The
housing 54 defines openings 545 (only opening 544 for the
first pin 104 is shown in FIG. 2) for receiving the first and
second pins 104 and 106. The openings extend parallel to the
B-axis or in the direction of B-axis. In the present embodi-
ment, the rotary table 26, shaft 50 and the annular member
102 form a rotary member provided on a rotating shaft of a
power transmission mechanism around the rotationally feed-
ing shaft of the B-axis.

The first and second actuators 108 and 110 are similar to
each other, and therefore only the first actuator 108 will be
described below. In this embodiment, the first actuator 108 is
a fluid cylinder, in particular a pneumatic cylinder, including
acylinder 108a, a piston 1085 slideable in the cylinder 108a,
a piston rod 108c attached to the piston 1085 and outwardly
extending from the cylinder 1084 and first and second ports
108d and 108e respectively for introducing into and exhaust-
ing from the cylinder 108a a pressurized air as a working
fluid. A position sensor (not shown) is attached to the actuator
108 in order to sense the position of the piston rod 108¢ i.e.,
the position of the pin 104.

With reference to FIG. 3, the annular member 102 defines
aplurality of opening which can receive the end portions 104¢
and 106¢ of the first and second pins 104 and 106 (refer to
FIG. 4). The plurality of openings 102a are equally disposed
in the circumferential direction of the annular member 102
within a range covering the working range of the rotation of
the rotary table 26. Further, if it is preferable that the rotary
table 26 rotates over 360 degrees around the B-axis, the
annular member 102 may have the openings 102a provided
over its whole circumference, as shown in FIG. 4. The open-
ings 102a may be provided by U-shaped cutouts other than
circular holes.

With reference to FIGS. 4, 4A and 4B, the principle of the
present invention will described, below. In this connection, it
should be noted that FIG. 4 is a schematic illustration for
explaining the principle of the present invention, and there-
fore the scales of the annular member 102 and the openings
102a do not exactly coincide with the actual scales and the
number of the openings 1024 is also different from the actual
number.
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The present invention is characterized by the configuration
for allowing one or both of the pins 104 and 106 to engage
with the openings 102a of the annular members 102 for any
rotational position of the rotary table 26 about the B-axis. For
this purpose, the following inequality must be satisfied, on the
assumption that the centers of the pins 104 and 106 are
aligned with the pitch circle of the openings 102a.

Op<Oh+2((sin"{(RIW/R)~(sin " (Rp/R)) 1)

0/4-2((sin" L (RA/R)-(sin" ' (Rp/R))<0p )

where

R: the radius of the pitch circle on which the openings 102a
are disposed in the annular member

Rh: the radius of the openings 102a

Rp: the radius of the end portions of the first and second pins

104 and 106
6h: the angle formed by the lines extending between the

center O of the annular member 102 and the centers of two

openings 1024 being next to each other
Op: the angle formed by the lines extending between the
center O of the annular member 102 and the centers of the

first and second pins 104 and 106

The inequality (1) expresses the configuration shown in
FIG. 4A, in which the angle formed by the outermost two
tangential lines, extending from the center O of the annular
member 102 to the respective side walls of the first and second
pins 104 and 106, is smaller than the angle formed by the
outermost two tangential lines, extending from the center O
of'the annular member 102 to the respective side walls of the
two openings 1024 adjacent to each other.

The inequality (2) expresses the configuration shown in
FIG. 4B, in which the angle formed by the innermost two
tangential lines, extending from the center O of the annular
member 102 to the respective side walls of the first and second
pins 104 and 106, is larger than the angle formed by the
innermost two tangential lines, extending from the center O
of'the annular member 102 to the respective side walls of the
two openings 1024 adjacent to each other.

Inequalities (1) and (2) provide a more general expression,
as shown below.

nOh-2((sin" (Rh/R)-(sin" (Rp/R))<Op<nOh+2((sin*

(Rh/R)~(sin " (Rp/R)) 3)

where, 1 is an integer equal to or more than 1.

The functional operation of the present embodiment will
be described below.

In standard machining processes, when the machining of
the workpiece W in the machining space MS is completed, the
rotary table 26 rotates 180 degrees about the B-axis to change
the processed workpiece W with unprocessed workpiece W'.
The rotation puts the processed workpiece W at the work-
piece setting station WS and the unprocessed workpiece W' in
the machining space M S to face to the tool T, during which the
rotary table 26 is held at a desired rotational position by the
torque generated by the feeding motor 56 and 58. Then, an
operator opens the access door 42 to detach the processed
workpiece W from the angled mount 28 and attach a new
unprocessed workpiece to the angled mount 28. Then, when
the operator closes the access door 42, machining condition is
prepared to start machining the workpiece W according to a
machining program. During the machining process, the door
lock 42a prevents the access door 42 from being opened.

According to the present embodiment, the operator can
access the workpiece setting station WS safely, even when a
machining process is running, by sending for example an
interrupt command or a preparation command based on M
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code when the movement about the B-axis is stopped during
the execution of the machining program. The interrupt com-
mand or the preparation command activates both the first and
second actuators. As in the present embodiment, if the first
and second actuators are the pneumatic cylinders 108 and
110, compressed air is supplied to the first ports 1084. This
moves the pins 104 and 104 to upwardly extend from the
housing 54. As described above, both or one of the end por-
tions 104¢ and 106¢ of the first and second pins 104 and 106
enter the openings 1024 of the annular member 102 to prevent
the rotary table 26 from unintentionally rotating. Then, the
door lock 424 is unlocked to allow the access door 42 to be
opened, when the position sensors for the pins 104 and 106
detects both or one of the pins 104 and 106 extend sufficiently
from the housing 54.

In this connection, if a condition in which one of the pins
104 and 106 does not extend sufficiently from the housing 54
is detected, the air circuit is switched so that compressed air is
supplied to the second port 108e so as to retract the one of the
pins. This is for the purpose of preventing the actuator of one
of the pins from applying pressure upwardly to the annular
member 102 whereby the displacement of the rotary table 26
due to the biasing force. If only one of'the pins 104 and 106 is
inserted into the opening 102a of the annular member 102, the
rotary table 26 may be unintentionally rotationally displaced
by difference between the diameters of the opening 1024 and
the end portion 104¢ or 106¢ of the pin 104 or 106. However,
the difference in the diameters is very small in view of safety,
and therefore the rotational displacement is admissive in the
present invention.

When a workpiece is machined in the machining space
MS, the access door 42 is opened to carry out workpiece
removing and attaching operation in the workpiece setting
station WS. Then, after the access door 42 is closed, when the
door lock 42 is engaged, by sending an interrupt signal or a
preparation complete signal by using an M code, a machining
process including B-axis motion can be carried out. Accord-
ingly, the safety device 100 allows an operator to carry out the
preparation safely when a workpiece is machined. The work-
piece W can be machined when an operator removes the
processed workpiece from the angled mount 28 and attaches
an unprocessed workpiece to the angled mount 28, whereby
the processing time can be reduced.

With reference to FIG. 5, a second embodiment of the
present invention will be described below.

In FIG. 5, a rotary workhead 60 is a rotatable table and
comprises a body 62 secured to the rotary table 26. The body
62 provides a housing within which a shaft 62 is supported by
the upper portion of the body 62 for rotation about an axis
(C-axis) parallel to the Z-axis. Workpiece mounting plates 66
and 68 are secured to the either ends of the shaft 62, forming
the C-axis. The rotary workhead 60 further comprises a worm
wheel 70 secured to the shaft 64, a worm gear 72 engaging the
worm wheel 70, a pulley 74 secured to the worm gear 72 so as
to rotate with the worm gear 72, a belt 76 engaging with the
pulley 74 and a drive pulley 78 secured to a output shaft 80 of
a C-axis driving motor (not shown) to engaging with the belt
76 at a side opposite to the pulley 72.

A safety device 200 according to the second embodiment
comprises a rotational member 202 secured to the output
shaft 80 of the C-axis driving motor so as to rotate with the
output shaft 80. The rotational member 202 formed as a rotary
plate defines a plurality of openings 202¢ which radially
outwardly open. The safety device 200 further comprises first
and second pins which extend radially relative to the output
shaft 80 and are engageable with the openings 202a, and first
and second actuators 208 and 210, secured within the body



US 9,211,623 B2

7

62, for extending and retracting the first and second pins. The
first and second actuators 208 and 210 may be formed, as in
the first embodiment, by fluid cylinders, in particular pneu-
matic cylinders.

The first and second pins 204 and 206 and the openings
202aq are positioned, as in the first embodiment, so that one or
both of the pins 204 and 206 can engage with the openings
202a for any rotational position of the rotational member 202.

According to this embodiment, given that the reduction
ratio between the worm wheel 70 and the worm gear 72 is, for
example, 1/60, the amount of rotation of the workpiece
mounting plates 66 and 68 is 1/60 of the amount of rotation of
the rotational member 202. Therefore, the openings 202a
may be coarsely defined in the rotational member 202. Fur-
ther, even if only one of the pins 204 and 206 is inserted into
the opening 202a of the rotational member 202, the control
for retracting the pin, which is not received, is not required,
because the workpiece mounting plates 66 and 68 are not
directly applied with a pressure.

When the configuration for driving the rotary table 26,
which forms the B-axis, of the first embodiment is replaced
with the configuration of the second embodiment including
the worm wheel and the worm gear, the safety device can be
provided with the pins disposed in the radial direction of the
rotational member of the second embodiment. Further, the
safety device for the rotary workhead 60, forming the C-axis
of the second embodiment, can be formed by an annular
member, similar to that of the first embodiment, which is
placed at the inner side of one of the workpiece mounting
plates 66 and 68 to face the body 62, and pins, instead of the
rotational member 202 and the pins 204 and 206.

As described above, the safety device for a rotational feed
axis of the present invention has a simple configuration, com-
prising a rotational member defining a plurality of openings
and at least two pins, and can prevent abnormal rotation of
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rotary feed axis by engaging at least one of the pins with one
of the openings for any rotational position of the rotational
member.

The invention claimed is:

1. A safety device of a rotational feed axis of'a machine tool
for preventing unintentional rotation of the rotational feed
axis, comprising:

a rotary table provided on a rotational shaft of a power
transmission mechanism for the rotational feed axis and
configured to mount a workpiece thereon;

an annular member concentrically attached to the rotary
table;

a plurality of openings defined in the annular member to
open in a direction of a rotational feed axis of the rotary
table, and disposed at equal intervals in a circumferential
direction of the annular member; and

at least two pins, disposed away from each other in the
circumferential direction of the annular member in a
housing for the rotational feed axis, the at least two pins
being extendable and retractable so as to be received in
the openings of the annular member;

wherein the at least two pins are disposed so that an angle
formed by two lines extending between the center of the
annular member and corresponding centers of two adja-
cent openings and an angle formed by two lines extend-
ing between the center of the annular member and cor-
responding centers of two adjacent pins do not coincide
with each other, whereby at least one of the pins can be
received in the openings for any rotational position of
the rotational shaft when the at least two pins are
extended simultaneously.

2. The safety device of claim 1, wherein the at least two

pins are configured to extend and retract in a longitudinal
direction of the rotational shaft.
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